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@ Lead-free soft solder for stainless steel. 



@ A solder for stainless steel is an alloy having a composition by weight of 3 to 7% bismuth, 0 to 3% zinc. 
0 to 3% silver and the balance being tin. The solder has a low melting temperature and may be used in 
conjunction with non-chloride fluxes. 
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siv .y'fs creted'lll 11"""'? f f "'"^ ''^^ component^ .ore particularly, but r,ot exclu- 
n 1 n/ct n? ""9 °^ sta'"'ess Steel piping to provide an effective plumbing joint 

In the past, plumbmg joints were made by soldering lead piping with a lead/tin based sdde The word 
p umbHig com s from the Latin word plumbum meaning lead. Lead has long bee knorforTtoxre^^^^^ 
and lead p,p,ng has largely been eradicated. Recently concern has grown over the use of lead in TalTl iJnS 
G^vamc coup, s may be set up in water systems between th pip 'work and the solder d^^^^^^^^^^^^^ 
effect can give nse to the leaching of lead into the water, especially in newly plumbed systerTs and in Lff acidic 
waters, and .n potable waters this is obviously undesirable. The use of lead/tin sold^s wa^conv^rnt ^^^^ 

pipmg IS used but sometimes stainless steel pipework is used for its attractive and durable?nl«r^^^^^^^ 
conventional lead/tin solders, and a little care, stainless steel can be eas^ Tned Beca^^^^ stable 
and tenuous chromia layer which fomis on stainless steel, acid fluxes are recoLpnri^^^^^ ^ ^ . 

based on hydrochloricacid and it is essential that the jointisL^^^^^^^^^ 

cause severe corrosion. It is therefore recommended that non-corrosive fluxes are used or tuchS^ 
suagested mat Ihe flux is pol,me,i,l,„ a( these higher temperatures. A cc2Z«e^Jtl T I 

rtrrp:r''°''"'"'"""'"^''''"™""'^"='*--°--^^ 

'"accordancewithapreferredembodimentthealloycontainsof3.5-e.5percentbismuth 0-1 Sn^rrpnf 
zmc and 1 -2.5 percent silver. Advantageously the alloy contains 5% bismuth 1 % Ic and i 5% sLer 

flux ^ucU::Z'Z^^^^^ 'T"' r""°" -^-^ - non-co"si e ttch oride 

t j and may be used, for example, in obtaining effective watertight join s .n sSnless 

s eel pipework wherein the joint has a satisfactory mechanical strength and in that the resistir^cL to rn^l!«n 
Of the solder/flux system is comparable to known systems in which a tin/lead soldeMs Lsed 

Alloys according to the present invention may provide an effective joint for stainless steel nioinn 
specrfically it may be used for 304 type stainless steel and 316 type stainless steel ' ' ^* 

For a better understanding of the invention and to show how the same may be carried into effect referenrp 
will now be made, purely by way of example, to the accompanying drawings in whTc" 

ti^fpTs'srsUer™"""'''^^ 

Figure 2 shows the same for alloys containing tin plus 2% silver 

Figure 3 shows the same for alloys containing tin plus 1% zinc and 1.5% silver 

Figure 4 shows the same for alloys containing tin. 1% zinc and 2% silver 

F^ures 5-8 show the variation in area of spread against bismuth conteni for the alloys shown in Figures 

The melting ranges of the invention were detemiined using differential themial analysis (DTA) / 
The results are gn,en in table 1. In figures 1 to 4 the variations with bismuth conter^fa constant zinc .nH 
silver contents are shown graphically. With the exceptions of two data points ^he grlphs how ^^^^^ 

sTohTlcr TT'" ""^ 'T'^'"^ temperatureHore e!^ but reJel a 

Slight deer as with increasing bismuth content. From these results it might be felt that a level o 6 or vTn 7% 



bismuth might be more aM^|riate than the suggested 5%. These resuy^taust. however, be considered in 
conjunction with th sprealQIfty tests below*. 

Th invention was tested for spreadability. The areas of spread of these tests, taken as the mean of fiv 
measurements, are given in table 2. The areas are also expressed as a percentage of the area achieved by 
5 grade K solder, viz 60% tin and 40% lead. In figures 5 to 8 these data have been combined with previously 
obtained spreadabiiities to show graphically the variation of spreadability with bismuth content 

In all of the figures 5 to 8 the maximum in the area of spread occurs at 5% bismuth, suggesting very strongly 
that this is the optimum level. If the bismuth content is varied to lower levels then ther is in most cases a smaller 
drop in the area of spread than at higher levels. From the melting range detenminations reported above the 
10 most desirable direction in which to vary the bismuth content is upwards. Thus, although the melting range at 
6 or 7% bismuth might be better the best balance between spreadability and melting range is at 5% bismuth. 

The following two embodiments of the invention, Sn-5Bi-2Ag and Sn-5Bi-12n-1.5Ag were tested for sol- 
derability in capillary joints. For these tests two lengths of 15 mm diameter tube were joined using a straight 
capillary joint fitting and using Lo-melt flux. The joints made were then sectioned longitudinally to give four sec- 
ts tions through joints. These sections were ground and polished and were then measured under a low magnifi- 
cation microscope to detenmine the percentage of the capillary filled by solder. An average measurement was 
taken from the four sections. The results obtained were good. The average taken over four readings was for 
the 93Sn.5Bi-2Ag alloy 60% and for the 92.5Sn-5Bi-1Zn-1 .5Ag alloy 65%. The slightly better fill achieved for 
the 92.5Sn-5Bi-1Zn-1.5Ag alloy has implications for the strength of the joints, as will be seen. 
20 For mechanical testing, lengths of 1 5 mm diameter tube were joined with straight capillary joints using the 
two alloys. 93Sn-5Bi-2Ag and 92.5Sn-5Bi-1Zn-1.5Ag and Lo-melt flux. Joints made with the two alloys were 
tested at room temperature and approximately 100°C in the as-made condition and after being held at lOO^'C 
for 13 days. A Mayes tensile testing machine was used to test the joints at a crosshead speed of 10 mm/min. 
The maximum load achieved was recorded in each case and a notional shear stress calculated. 
25 The maximum loads achieved are given in table 3 along with the calculated notional shear stress and com- 
ments regarding the fill of the joints tested. As might be expected the strengths at lOO^C were consistently low 
compared with those obtained at room temperature. When the estimated degree of joint fill is taken into account 
there appears to be little effect of aging on the strengths of the joints. The most important factor influencing the 
strengths of the joints is the fill of the joints. The results seen here are consistent with those above where the 
30 alloy 92.5Sn.5Bi-1Zn-1.5Ag gave the best joint fill. 

The two alloys, Sn-5Bi-2Ag and Sn-5Bi-1Zn-1.5Ag, and capillary joints made with them were examined 
metallographically. Photomicrographs were taken and the phases observed were characterised using a scan- 
ning electron microscope. 

Metallographic examination of the two alloys. 93Sn-5Bi-2Ag and 92.5Sn-5Bi-1Zn.1.5Ag showed them both 
35 to have a three phase structure. In both cases the major phase was tin. The tin grains were cored and EDAX 
analysis showed the grain edges to have a considerably higher bismuth content. There were two secondary 
phases. The first of these was mainly silver (with traces of zinc where present in the alloy) with a grain size up 
to about 15 (im lying between the tin grains. The second minor phase was bismuth. This had a very fine grain 
size (about 1 nm) and appeared to be part of a eutectic mixture being concentrated in small clusters of grains 
40 at the tin dendrite boundaries. The structures of the alloys in the capillary joints appeared to be similar but on 
a finer scale. 

Several embodiments of the invention were subjected to compositional analysis to ensure that the real 
composition was approximate to the nominal composition. The characterisation was canried out using induc- 
tively coupled plasma - atomic emission spectroscopy (ICP-AES). For this measured amounts of the alloys were 
45 dissolved in aqueous solution and compared with known standard solutions by AES. The bismuth, zinc and 
silver contents were measured and the tin assumed to make up the difference. Six alloys were analysed: two 
melts each of the nominal compositions 93Sn-5Bi-2Ag and 92.5Sn-5Bi-1Zn-1.5Ag and one melt each of the 
nominal compositions 94Sn-4Bi-2Ag and 93.5Sn-4Bi-1Zn.1.5Ag. The results are summarised in table 4. The 
accuracy of the results are better than 1 %. Only one of the real compositions deviates from the nominal compo- 
se sition by an appreciable amount and consequently these results were felt to be satisfactory. Since the results 
were so good It was felt that the nominal compositions of all the alloys described herein are a good represen- 
tation of the actual compositions. 

From the melting range determinations it might be suggested that any alloy with 5% bismuth or more and 
1% or more zinc might be appropriate as a lead-free solder. By contrast the spreadability tests suggest that 
55 the alloy should contain 5% or less bismuth. 0-1% zinc and 1.5-2% silver. It is necessary to achieve a balance 
between these tw requirements and a composition of tin with 5% bismuth. 0-1 % zinc and 1 .5-2% silver appears 
to achiev this balance. Solderability testing in capillary joints suggests that the 92.5Sn-5Bi-1Zn-1.5Ag alloy 
is marginally better than the 93Sn-5BI-2Ag alloy. These alloys ar thr e phase, both in the as-cast condition 



3 



10 



15 



25 



30 



35 



50 



u A M - - ""cumy tprooaoiy sunicient to to produce them as a wire on a 

re I). The alloys have goSTstrength in a capillary joint as long as a good fill is achieved 

A preferred compositional range for the alloy is 4-6% bismuth. 0-1% zinc and 1 .5-2% silver with the balance 
being tin. impurities and incidental elements. 

r.Jr^JZT'"' ''^T*'' "° '° '•'^ '"^'^ '"^""""^^ P^«f«^«<l and neither is it 

^10^111 'T'^ "f'^^f P'P"' -"^y ^PP"^*^ '° '^•lich a metal with 

alow meltng point IS required, whether or not theabsence of lead is specified and whether ornot good mechani- 
cal strength is a prerequisite. "■ev^iidm 

Table 1- Melting ranges as determined by differential thermal analysis (DTA) 
Temperatures given are the mean taken from three readings and the figures in 
parentheses are the standaiti deviations. ^ 

AUoy composition / wt.% Temperatures / °C 



20 ^" Zn Ag Solidus Liquidus 



94 
92 
93.5 
91.5 
93 
91 

94.5 
92.5 
94.5 
90.5 
95 
91 

40 96 
89.5 

45 



4 




2 


203.6 (9.1) 


231.1 (0.6) 


6 




2 


193.0 (2.7) 


228.1 (0.6) 


4 


1 


1.5 


201.4 (1.3) 


228.5 (1.1) 


6 


1 


1.5 


192.2 (2.9) 


225.2 (0.0) 


4 


1 


2 


189.6 (2.9) 


226.7 (0.6) 


6 


1 


2 


185.0 (7.6) 


225.2 (1.1) 


4 




1.5 


204.0 (1.2) 


232.2 (0.6) 


6 




1.5 


187.6 (7.7) 


228.9 (0.6) 


3 


I 


1.5 


198.7 (4.6) 


230.0 (0.6) 


7 


1 


1.5 


187.3(1.7) 


223.7 (0.6) 


3 




2 


208.1 (1.7) 


232.5 (0.6) 


7 




2 


191.9 (0.6) 


227.0 (0.6) 


3 




1 


210.0 (4.2) 


235.8 (1.2) 


7 


2 


1.5 


190.4 (2.0) 


223.4 (0.6) 
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I able 2 - The results, 
areas of spr 
grade K solder 



ijjfeprcadability testing of alloys on st^ss steel coupons, the 
r?in are given in mm- and as a percental^f the area achieved bv 



Alloy composition / wt.% Area of Proportion of 

spread area achieved by 



10 ^" ^' ^ Ag /mm2 Grade K/% 



94-5 3 1 1.5 

90.5 7 1 1.5 91, 

95 3 - 2 1136 
9\ 7 . 2 803 

96 3 - 1 ,366 
20 ^9.5 7 2 1.5 1043 HQ 



104 
96 

120 
85 

144 



t^mnilatl'JL"?^^ '^''^ '^'^^^^^^ ^he two alloys tested at two 

no °r for 1 7 A A ^^"IP^^t^e) and m two conditions (Aged = held at 
, ^ / ^J -^ ^^^y'^- ^" esamate of the degree of joint fil has also been 
included. This is on a five point scale (poor. faS. good,%ery gJi^ ex«Sentr 



Alloy compo.sition / wt.% 


Condition 


Joint 


Test 


Strength 


Notional 


Sn 










fill 


temperature 


/kN 


shear stress 


Bi 


Zn 


Ag 






/°C 




/MPa 


92.5 


5 


1 


1.5 


As made 


Good 


R.T. 


9.6 


15.7 


92.5 


5 


1 


1.5 


As made 


Fair 


100 


3.38 


5.98 


92.5 


5 


1 . 


1.5 


Aged 


Good 


R.T. 


14.1 


23.9 


92.5 


5 


1 


1.5 


Aged 


Fair 


100 


3.38 


5.52 


93 


5 


0 


2 


As made 


Fair 


R.T. 


3.25 


5.31 


93 


5 


0 


2 


As made 


Poor ' 


100 


1.38 


2.25 


93 


5 


0 


2 


Aged 


Poor 


R.T. 


2.88 


4.89 


93 


5 


0 


2 


Aged 


Fair 


100 


4.63 


7.86 
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Tilble 4 - Results^compositional analysis of alloys. 

Nominal alloy composition / wl% Actual alloy composition / wt.% 



Sn Bi 



93 5 

92.5 5 

93 5 
92.5 5 

94 4 
93.5 4 



Zn 


Ag 


Sn 


Hi 




Ag 


0 


2 


Bal. 




n A 

n.u. 


2.01 


1 


1.5 


Bal. 




n 0*7 
u.y / 


1.51 


0 


2 


Bal. 


4.97 


n.d. 


2.14 


I 


1.5 


Bal. 


4.78 


0.98 


1.46 


0 


2 


Bal. 


3.99 


n.d. 


2.04 


1 


1.5 


Bal. 


3.87 


0.93 


1.51 



Claims 



2 



1. An alloy, for soldering stainless steel, having a composition by weight of 3 to 7 percent bismuth, 0 to 3 
percent zinc, 0 to 3 percent silver and the balance being tin. impurities and incidental elements. 

An alloy, according to daim 1 having a composition by weight of 3.5 to 6.5 percent bismuth, 0 to 1.5 percent 
zinc. 1 to 2.5 percent silver and the balance being tin, impurities and incidental elements. 

30 

3. An alloy, according to claim 2 in which the amount of bismuth is 5%, the amount of zinc is 1% and the 
amount of silver is 1 .5%. 

4. An alloy according to any previous claim having a solidus temperature below 21 rc and a liquidus tem- 
perature in the range 22300 to 236''C. 

5. An alloy according to any previous claim having a solidus temperature below 202°C and a liquidus tem- 
perature in the range 225°C to 229°C. 

6. A method of soldering stainless steel comprising the step of using, as the solder, an alloy as claimed in 
^ any one of the preceding claims. 

7. A method according to claim 6 and comprising the additional step of using a non-corrosive non-chloride 
flux. 

45 8, A method according to claim 6 or 7 wherein the method is used to produce a watertight joint in stainless 
steel pipework. 

9, A method according to any one of claims 6 to 8 wherein the stainless steel is Type 304 or Type 31 6. 
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Fii^urc 1 - Vaiiaiioii ot liquidiis aiid solidus icmperaiurcs wich bismuth content 
for alloys containing 1.5% silver. 




Fiigurc 2 - Variation of liquidus and solidus temperatures with bismuth content 
for alloys containing 2% silver. 
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Figure 3 - Variation of liquidus and solidus tempcraiiires with bismuth content 
for alloys containing 1% zinc and 1.5% silver. 




Figure 4 - Variation of liquidus and solidus temperatures with bismuth content 
for alloys containing 1% zinc and 2% silver. 
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Figure 5 - Variation of area of spread of alloys containing 1.5% silver with 
bismuth content. 




Figure 6 - Variation of area of spread of alloys containing 2% silver with 
bismuth content. 




Figure 7 - Variation of area of spread of alloys cotuaining l7o zinc and 
L5% silver with bismuth content. 




Figure 8 - Variation of area of spread of alloys containing \ % zinc and 
2% silver with bismuth content. 
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